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MEASURING SERVER AVAILABILITY AND
MANAGING TRAFFIC IN ADAPTIVE
BITRATE MEDIA DELIVERY

PRIORITY CLAIM

The present application claims priority as a continuation-
in-part of U.S. patent application Ser. No. 14/794,303, filed
Jul. 8, 2015, which 1s mcorporated herein by reference.

BACKGROUND

Media servers deliver media content (video or audio) over
digital data links to end-user devices that play the media,
such as smartphones, tablets, laptops, PCs, and TV sets. A
recurring 1ssue arises when many end-users request content
from one of the media servers, and this particular media
server becomes a bottleneck for the data being sent to the
user devices. For example, a caching media server can be
connected to Internet at a bandwidth of 10 Gbps. Assume the
server stores video assets encoded at a bitrate of 5 Mbps and
has a transmission overhead of 10%. In this example, at most
1800 user devices can be served by this media server at a
time (5 Mbpsx1800 1s 9 Gbps 1s 90% of 10 Gbps). If more
devices requested the media assets, delivery bitrate would
have to drop below 5 Mbps due to the bandwidth saturation
at the sending side, such that all the users might face
mappropriate playback quality, even though their own
access to the Internet may be at higher speeds—much
greater than the encoding rate.

The problem 1s turther complicated by the fact that data
for all user devices are not transmitted continuously. Many
adaptive bitrate streaming technologies (including of Apple
HLS®, Adobe HDS®, and Microsoit Smooth®) package

content 1n multiple chunks that are requested irregularly.
Also, the end user may not request the data continuously.
Instead, the data transmissions are subject to the users’
behavior, which may include pausing, fast-forwarding and
rewinding the media at various times. Still further, account-
ing for user devices 1s complicated since with stateful
protocols, such as TCP, a single user can use many connec-
tions.

One known mechanism to address these problems is to
compare the actual bandwidth occupied on a network nter-
tace to the maximal bandwidth the interface was capable of.
If the difference was less than some threshold the iterface
was deemed to be saturated. However, a handful of user
devices with fast network connectivity can easily saturate
any network interface this way, resulting 1n severe underuse
ol an operator’s infrastructure. Another known technique 1s
to monitor the number of established TCP connections at the
server. If the measured number was greater than a threshold
the server was deemed to be saturated. As explained above,
however, connections alone cannot reliably indicate number
ol associated user devices, nor do those connections carry
data continuously. This technique can, therefore, lead to
drops 1n quality of service (QoS) as perceived by the user or
underuse of the operator’s infrastructure. Another known
technique 1s to 1dentify a user by a unique token within a
URI when the content was requested over the HTTP(S)
protocol. If the current number of such users exceeded a
certain threshold the server was deemed to be saturated.
Again, no user activity i1s taken into account with this
technique. Besides, complexity of ongoing cross-protocol
analysis requires some overheads. This technique compli-
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cates system architecture and does not offer a guarantee of
suflicient bandwidth at the media server.

SUMMARY

When data are being sent over a physical link by a media
server that serves media content, such as video or audio, the
data are first copied into a random access memory (RAM)
buffer of the media server associated with the destination,
such as a socket bufler, before being physically sent out. An
instantaneous count of the non-empty bullers of the media
server represents the number of concurrent data transmis-
sions at that specific point 1n time. Adequately, a sequential
count of the non-empty bullers of the media server consti-
tutes the average number of concurrent data transmissions
over the time period the count was obtained within. This
average number of concurrent transmissions indicates the
available bandwidth of the data links of the media server and
can be used to determine how to route new connection
requests for media content so that, no matter how 1rregular
transmissions on a single connection are, bandwidth per
connection at the sender can be determined and maintained.

In one general aspect, therefore, the present invention 1s
directed to computer-based systems and methods for mea-
suring saturation of a media server that transmits media
content to a plurality of users via data links. Data buflers of
the media server are sampled to ascertain whether they
contain data to be transmitted to each bufler’s associated
destination at the time of the sampling. A saturation score
can be calculated based on the sampling, such as based on
the number of non-empty data buflers. This saturation score
can be used 1n routing new connection (or “socket”) requests
for the media server. For example, the media server’s
saturation score can be compared to a threshold saturation
score for the media server, with the difference between the
scores indicating a present available bandwidth of the data
links of the media serve. For example, the media server 1s 1n
a position to accept new connection requests when 1ts
saturation score 1s below the threshold, and conversely
cannot accept new connection requests when the saturation
score 1s at or above the threshold while still maintaining 1ts
bandwidth guarantee. This process can be repeated periodi-
cally so that the saturation score of the media server is
continuously updated.

These and other benefits of the present invention will be

apparent from the description that follows.

FIGURES

Various embodiments of the present invention are
described herein by way of example 1n connection with the
following figures, wherein:

FIG. 1 1s block diagram of media server that determines
its saturation level according to various embodiments of the
present 1nvention;

FIG. 2 1s flow chart of a process for determining the
availability of the media server of FIG. 1 according to
various embodiments of the present ivention;

FIG. 3 1s a timing diagram 1llustrating sampling of the
data buflers of the media server of FIG. 1 according to
various embodiments of the present invention; and

FIGS. 4 to 6 are block diagrams of apparatuses compris-
ing a media server whose saturation level 1s determined
according to various embodiments of the present invention.

DESCRIPTION

FIG. 1 1s a diagram of a media server 10 that delivers (e.g.,
streams) media content (video or audio) via a data commu-



US 9,774,512 Bl

3

nication network 11 (e.g., the Internet) to end users at end
user devices 12 that are capable of playing the media. The
media server 10 might be part of a data center that, for
example, delivers media content stored at a data storage
system 20 to the end users 12. The data storage system 20
may comprise magnetic, optical or semiconductor data stor-
age. For example, the data storage system 20 may comprise
one or more hard disk drives, solid state drives, optical
storage devices, magnetic tape drives, etc. The data storage
system 20 may be external to the media server 10 as shown
in FIG. 1, although in other embodiments the data storage
system could be internal to the media server 10. The end user
devices 12 may be, for example, smartphones, tablets,
laptops, PCs, TV sets, or any other processor-based device
capable of receiving and playing the media content.

As shown 1n FIG. 1 the media server 10 1ncludes at least
one processor 22 and random access memory (RAM) 24.
The media server 10 also comprises physical layer (PHY)
data links 25 that connect the media server 10 to the network
11. The data links 25 can include one or more network
adapters, network interface cards, network interface control-
lers, and/or any other suitable hardware that connects the
media server 10 to the network 11. When an end user 12
connects to the media server 10 via the network 11 (such as
with an Internet Protocol (IP) connection) and requests
media from the media server 10, a data buller 26 1s allocated
in the RAM 24 of the media server 10 to the user. FIG. 1
shows a quantity of N data builers 26, one for each of the N
end users 12. For example, the data bullers may be “socket
send buflers” residing 1n the memory address space of the
operating system (OS), known as the kernel. Where the
media server 10 uses a Linux operating system, such a data
butler 1s sometimes also referred to as a socket kernel butler
(skb). When an end user 12 requests certain media content,
the data for the media content can be retrieved from the data
storage system 20 and stored (builered) in the data butler 26
associated with the end user that requested the media. Then
the data 1n the bufler 26 1s transmitted to the end user 12 via
the network 11. The different shades for the data buflers 26
in FIG. 1 indicate that at a particular time, the data bullers
may contain varying amounts of data, ranging from 0% to
100% of the butler’s capacity. That 1s, a particular builer 1s
getting filled with data being copied from the data storage
system 20 while concurrently being emptied as 1t transmits
the data to the destination end user 12. When a data butler
26 1s empty at a particular time, 1t 1s not transmitting data to
its associated end user; when the data bufler 1s not empty at

a particular time, 1t 1s transmitting data to the associated end
user.

As mentioned above, a media server can become a
bottleneck 11 too many end user devices request media assets
to be delivered by the media server concurrently. To address
this situation, 1n one general aspect of the present invention,
the saturation or availability of the media server 1s measured
by sampling how many of the RAM-allocated buflers 26
contain data being transmitted to their associated end users
at the time instance of their sampling, where all of the data
builers 26 are sampled over a relatively short time period.
The number of non-empty buflers 1s used to generate a
“saturation score” for the media server. This saturation score
1s 1ndicative of a present available bandwidth of the data
links of the media server and can be used to determine how
to handle new socket requests for the media server 10. For
example, the saturation score can be compared to some
threshold saturation level for the media server. If the media
server’s saturation score 1s above the threshold, the media
server can be considered saturated and appropriate action
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can be taken with respect to the media server, as described
below. For example, an incoming socket request may be
denied since the media server 1s saturated. Other possible
responses are described below. This process can be repeated
in cycles (referred to herein as “scoring cycles”) so that new
socket requests can be routed based on the media server’s
most up-to-date saturation score. The duration of the scoring
cycle can be adapted based on the expected velocity of
change in user numbers (e.g., scoring cycle i1s shortened
when velocity increases), and ordinarily 1s on the order of
five to fifty seconds, for example.

FIG. 2 1s a diagram of a process flow to determine the
saturation score of the media server 10 and assess its
availability for new socket request. The left-hand side of the
process 1n FI1G. 2 generally corresponds to determination of
the media server’s saturation score, which 1s used in the
steps on the right-hand side of FIG. 2 to determine how to
handle new socket requests for the media server. The steps
on the rnight-hand side are generally referred to herein as
“trathic management.” The process of FI1G. 2 can be executed
by the processor(s) 22 of the media server 10, 1n which case
the media server 10 1tself determines 1ts saturation level and
performs the ftraflic management. In other wvariations
described below, a remote traflic management server 30
(having a processor(s) 32 and associated memory 34) that 1s
in communication with the media server 10, such as via a
L AN or other data network 36, may receive the saturation
score from the media server 10, and the remote trathc
management server 30 determines where new socket
requests should be routed based on the media server’s
saturation score at the time of the new socket request.

A new socket request at step 36 1s an example ol a new
request for media content, when the user 12 and the server
10 uses a connection oriented protocol such as TCP for
example. Generally, the new request for media content can
be an HTTP request for a chunk of the media content, a DNS
request, or any similar routable request.

At step 40, the processor 22 counts the number of
non-empty buflers 26 1n the RAM 24. For example, 1n a
Linux system, the processor 22 can make an API call to the
kernel to ascertain the status of the individual buflers. The
builers 26 can be sampled sequentially by the processor 22,
with the status of each bufler (1.e., whether 1t 1s empty or not)
determined at the time instant the bufler was sampled (“the
sampling mstant”). Because the buil

ers 26 are independent
of each other, sequential sampling will yield statistically
equivalent results as 1f all of the buflers were sampled
simultaneously. FIG. 3 illustrates this concept with ten
concurrent network sockets, although in practice the media
server 10 can have thousands at one time. The status of the
buflers for each socket over time 1s shown as the horizontal
lines. Buflers that are non-empty (and transmaitting data) at
a particular time are shown with a thick line and empty
buflers are shown with thin lines. Simultaneous sampling of
the builers yields 1n this example a count of six concurrently
non-empty buflers, which 1s the same count for the sequen-
tial count shown in FIG. 3.

In practice, simultaneous and sequential sampling can
yield slightly different counts. The difference 1s explained by
the stochastic nature of adaptive bitrate media delivery and,
for the purpose of this mvention, 11151gn1ﬁcant In fact, any
arbltrary counting trajectory (line crossing all socket buflers
in FIG. 3) will do. It 1s also concervable that some 1mple-
mentations will report an 1nstantaneous count of non-empty
socket buflers, thus yielding the result of simultaneous
sampling described above.
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Returning to FIG. 2, following step 40, at step 42, the
processor 22 computes the saturation score for the media
server 10 based on the number of buflers 26 that were
non-empty at the times the bullers were sequentially
sampled (collectively, the “sampling instances”). The satu-
ration score, 1n various embodiments, could be the raw count
of non-empty buflers produced at step 40. As an example,
assuming a media server has a network interface card
capable of 10 Gbps and the desired bandwidth guarantee per
user 1s 5 Mbps, then in that case the media server can have
2000 concurrent transmissions (10,000+5), so 2000 can be
the threshold saturation score 1n this example for the media
server, where the saturations score 1s computed as the raw
count of non-empty buflers. In other embodiments, the raw
count of non-empty buflers can be used 1n conjunction with
other performance metrics of the media server in computing
the media server’s saturation score to account for the fact
that the network interface capability may not be the media
server’s only bottleneck. For example, the CPU load and/or
the storage-RAM bandwidth could also be bottlenecks. In
such embodiments, therefore, the media server’s saturation
score may additionally account for these other factors (in
addition to the raw count of non-empty bullers) to determine
the media server’s saturation score. For example, assume the
media server has 8 CPU cores, such that 8 1s the threshold
tor the CPU load. The kernel can sample execution threads
to determine an average number of them 1n “runnable” state
(c.g., “load average” for a Linux server). If there are 4
threads ready for execution on average over the sampling
time period, the server will be deemed to be 50% saturated
in terms of the CPU load. The CPU saturation score can be
4 (or 50%) 1n this example, with the threshold being 8 (or
100%). Also, as to storage-RAM bandwidth, pulling content
from storage 20 (even fast local SSD) to the RAM 26 for
transmission may be slower than the network, so access to
storage can become a bottleneck. This can be accounted for
by, for example, using a saturation score for the storage-
RAM bandwidth that can be defined as the number of bytes
read from the storage (as reported by kernel) over a certain
time period related to this period. The media server’s overall
saturation score can be the minimum, maximum, average, or
some other combination of these three scores (1.¢., the raw
non-empty bufler count, the CPU load score, and the stor-
age-RAM throughput) or a subset of them (including the raw
non-empty buller count), preferably normalized (e.g.,
expressed as a percent). As such, the media server’s satu-
ration score 1s computed based on the raw non-empty buller
count. As indicated by block 44, the saturation score can be
computed periodically 1n this manner by repeating the
process every scoring cycle. In that way, the saturation level
of the media server 1s continuously updated every scoring
cycle.

The right side of FIG. 2 shows that the updated saturation
score can be used to determine how to handle new socket
requests for the media server 10. For example, at step 50 the
processor 22 (or the processor 32 of trailic management
server 30) can determine whether the media server 10 allows
more sockets. This determination can be performed, for
example, by comparing the saturation score to a saturation
score threshold for the media server. Each media server can
have 1ts own threshold saturation score. If the saturation
score 1S below the threshold, the media server can be
available for more users, as indicated by block 52, wherein
the media server 1s likely to handle a new socket request
(subject to other tratlic management considerations). On the
other hand, i1f the saturation score 1s at or above the threshold
level, at block 54 a new socket request to the media server
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10 can be denied so as to not deleteriously aflect its QoS
level. As indicated by block 56, any new socket requests can
be dispatched based on the updated saturation score at the
time of the request.

In various embodiments of a media server, data of the
media content may pass through many buflers n RAM
betfore transmission to the user(s). For example, the data of
media content may be first stored 1n a kernel builer associ-
ated with the storage system 20 (see FIG. 1), then copied to
an application (e.g. web server) buller, then copied to a
socket send builer 26 (also 1n kernel space), and then sent to
a physical data link 25. In various embodiments, the data
builers that are sampled are the last bufler 1n the chain before
transmission over the physical data link 235, e.g., the socket
send buflers 26 in the above example. As such, the data
buflers that are sampled are the data buflers that store data
for sending to the data links, 1.e., without the data being
copied to any other bufler 1n the media server’s RAM belore
transmission.

In the exemplary embodiment of FIG. 1, the media
server’s processor(s) 22 and/or the traflic management serv-
er’s processor(s) 32 are programmed to execute the process
shown 1n FIG. 2 by executing software stored in memory of
the media server 10, such as the RAM 24 or some other
memory unit, or the memory 34 of the trathc management
server 30, as the case may be. In other embodiments, as
shown 1n the example of FIG. 4, multiple media servers 10
can be grouped 1n a cluster (or battery, or array) 37, such as
via a LAN 38 or some other network configuration (only two
media servers 10 are shown in FIG. 4 for illustration
purposes, but the cluster 37 could have many additional
media servers). The media servers 10 are also connected to
the network 11 (WAN or Internet) to serve media content to
end users (1.e., requestors of the media assets). In such a
cluster configuration, each media server 10 can compute 1ts
saturation score (such as according to the process described
above 1 connection with FIG. 2) and share its updated
saturation score with the other media servers 1n the cluster
3’7 via the network 38. That way, each media server 10 1n the
cluster 37 knows the updated saturation scores for each of
the other media servers 10 1n the cluster 37. Also, each
media server 1n the cluster 37 can be programmed to know
the capacity (e.g., threshold saturation score) for each media
server 10 1n the cluster 37, since the thresholds may not be
the same for each media server 10. That way, when one of
the media servers 10 1n the cluster 37 receives a new socket
request, 1t can accept that request itself (see e.g., step 52 of
FIG. 2) or it can route the new socket request to another
media server 10 1n the cluster 37, preferably one whose
saturation score at the time of the new socket request 1s
below the threshold for that media server. Further, if a
nonsaturated media server 10 needs to direct a user to
another server in the cluster for reasons unrelated to satu-
ration level, the media server 10 can direct the user to a
nonsaturated media server 1n the same manner.

In another vaniation, also depicted 1n connection with
FIG. 4, the media servers 10 1n the cluster 37 could report
their saturation scores, via the LAN 38, to the tratlic man-
agement server 30A that 1s connected to the LAN 38 (and
hence the media servers in the cluster 37). In such a
configuration, the trathc management server 30A can route
new socket requests to the appropriate media server 10 1n the
cluster 37 based on the updated saturation scores for the
media servers. Also, 1mn another similar arrangement, the
traflic management server could be connected to the network
11, such as the tratlic management server 30B shown 1n FIG.

4.
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In various embodiments, new socket requests can be
routed to available media servers in a non-deterministic
(e.g., probabilistic) manner (regardless of which machine
does the routing, such as the individual media servers or a
trafli for

ic management server). In such embodiments,
example, the closer the saturation score for a media server
1s to its threshold, the less likely new socket requests are
routed to that media server. New users instead can be
directed to less saturated (more available) media servers.
This way, system overload (when mimimal bandwidth per
user at the media server side cannot be guaranteed) occurs
for all media servers of the system/cluster simultaneously,
and QoS degradation happens to all users of the system
evenly. This 1s different from the grant-deny model, where
first-come-first-served users have minimal bandwidth per
user guarantee and all new users are rejected after all
saturation thresholds are reached.

In another configuration that 1s within the scope of the
present invention, a number of media servers 10 could be
connected to a WAN 11 and scattered over a geographic
region (e.g., the entire globe or a smaller geographic region),
as shown 1n the example of FIG. 5. In this configuration,
cach media server 10 can periodically or from time-to-time
report its saturation level via the network 11 to the trafhic
management server(s) (ITMS) 30 that covers the geographic
region and/or a particular type of end users and/or a specific
type of service. The TMS 30 can analyze a number of
metrics 1n determining where to direct new users/socket
requests, including but not limited to the media servers’
respective saturation levels. Based on that analysis, the TMS
30 can steer new users towards media servers 10 1n the
network 1n such a way that the QoS and, eventually, the
quality of user experience, are increased or maximized. The

process of “steering” can be based on Domain Name System
(DNS lookups), Border Gateway Protocol (BGP anycast),

HTTP redirects, IPv6 redirects, and a combination of these
or any other methodology.

Another possible setting 1s a combination (1.e., a super-
position) of the prior two described settings, as shown in
FI1G. 6, in which the clusters 37 are connected to the WAN
11 and scattered over a geographic region. In this configu-
ration, each cluster can report 1ts average saturation level
(c.g., the average of the saturation levels of the media
servers 10 i the cluster 37) to the TMS 30 that can
implement steering logic to route new users/socket requests
to the appropnate cluster 37 based on, among other things,
the clusters’ average saturation levels. The clusters 37 can
then route the new socket request to the appropriate media
server 10 1n that cluster. In such embodiments, each media
server 10 1n a particular cluster 37 can report 1ts saturation
level and/or the saturation levels of the other media servers
in the cluster 37 to the TMS 30, which can then compute the
average for the cluster; or each media server 10 1n the cluster
3’7 can compute and report the average for the cluster to the
TMS 30 (since each media server 1n the cluster 37 can know
the saturation levels of the other media servers 1n the cluster
37).

Yet another possibility 1s the setting described in the
previous paragraph, wherein machines of a cluster 37 share
the same physical network WAN 11 (FIG. 6).

In any of the above described configurations, whether the
saturation level of a given media server 1s at or above its
threshold level does not have to be deterministic of whether
new socket requests are conveyed to that media server.
Instead, the respective media servers” saturation levels can
be one factor that 1s considered in routing a new user/socket
request. For example, consider two media servers, each
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having a saturation threshold of 100 1n order to guarantee
minimal bandwidth per user at server side. Further assume
that the steering logic takes into account saturation as well
as other metrics, e.g. which server 1s closer to the user or the
content type being requested. Suppose, at a given point 1n
time the first media server 1s saturated by 80 (has 20% of free
capacity) and the second by 60 (has 40% of free capacity).
When the next user request comes through, and all other
steering metrics but saturation are equal, the probability of
this request going to the second server could be twice as high
as the probability of this request going to the first server.
This way the saturation 1s accounted for but does not
necessarily determine to which server the request 1s routed,
thus letting other metrics contribute to the steering logic.
Furthermore, 1f each server 1s overloaded (free capacities 0%
for both), new user requests can still be dispatched, 1n
various embodiments, to either of the servers 1n accordance
with other steering logic metrics, recognizing that the guar-
antee of the bandwidth 1s broken at this point.

In one general aspect, therefore, the present invention 1s
directed to systems and methods for measuring availability
of a media server 10 that transmits media content to a
plurality of users 12 via data links 235 of the media server.
The method can comprise the step of sampling the plurality
of data buflers 26 (e.g., send socket buflers), each at a
sampling time instant (e.g. sequentially, as shown in FIG. 3,
or simultaneously), to determine whether the data bufjers
contain data being transmitted at the sampling time 1nstances

(the times the data buflers are sampled, which can be
different time when sampling 1s sequential).

Each data builer
26 1s associated with one of the plurality of users and the
data are stored in the data buflers for sending to the data
links. The method further comprises the step of calculating

a saturation score for the media server, based on the sam-
phng, that 1s indicative of a number of the data buflers
containing data being transmitted via the data links at the
sampling time 1nstances (the time nstances that the respec-
tive data bufllers are sampled). The method further comprises
the step of evaluating the saturation score against a threshold
saturation score for the media server, where the relationship
between the scores indicates availability of the media server
for additional media transmissions. For example, in one
embodiment, if the media server’s saturation score 1s less
than the threshold, a new socket request can be accepted by
the media server.

In various implementations, the steps of this method are
repeated cyclically and are performed by one or more
processors, such as the processor 22 and possibly 1 com-
bination with other processors (e.g., a processor 32 of the
traflic management server 30). For example, a processor of
the media server 10 can calculate the saturation score and a
processor of the traflic management server 30 can evaluate
the saturation score against the threshold score.

A system (or apparatus) of the present ivention can
comprise a RAM 24 of a media server 10 and one or more
processors (e.g., processor(s) 22). A plurality of data buflers
26 are allocated in the RAM 24, with each data buller being
associated with one of a plurality of users 12 to which media
content 1s being transmitted from the media server 10 via
data links 25 of the media server to a computer data network
11. The one or more processors execute soltware which
causes the one or more processors to: (1) sample the plurality
of data buflers 26 each at a sampling time instant to

determine whether the data butl

ers contain data being trans-
mitted at the sampling time 1nstances; (1) calculate a satu-
ration score for the media server based on the sampling,
where the saturation score 1s indicative of a number of the
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data builers containing data being transmitted via the data
links at the sampling time 1nstances; and (111) evaluate the
saturation score against a threshold saturation score for the
media server, wherein the relationship between the scores
indicates availability of the media server for additional
media transmissions.

In another general aspect, a system or apparatus according,
to the present invention comprises a first media server 10
and a traflic management server 30. The first media server
comprises a random access memory (RAM) 24 and one or
more processors 22. As before, a plurality of data butlers 26
(c.g., send socket buflers) are allocated in the RAM 24,
where each data bufler 26 1s associated with one of a
plurality of users 12 to which media content i1s being
transmitted from the media server via data links of the media
server, and data of the media content are stored 1in the data
butlers for sending to the data links 25. The processor(s) (1)
sample the plurality of data buflers each at a sampling time
instant to determine whether the data butlers contain data of
the media content being transmitted at the sampling time
instances; and (1) calculate a saturation score based on the
sampling, wherein the saturation score 1s indicative of a
number of the data buflers containing data being transmitted
via the data links at the sampling time instances.

The traflic management server 30 1s connected to the first
media server 10 via a first computer data network (e.g.
networks 38 or 11). The traflic management server (1)
receives saturation score data via the first computer data
network that 1s based on the saturation score of the first
media server; and (11) routes a new socket request for the
media based on the saturation score data. The first media
server can be one of many media servers in a cluster (see
FIGS. 4 and 6) and the “saturation score data” can be the
average saturation score for the media servers in the cluster.

The computer devices described herein, e.g., the media
servers 10 and the TMS 30, may comprise one or more,
preferably multi-core, microprocessors and one or more
memory units. The memory units may comprise software or
instructions that are executed by the microprocessor(s). The
memory units that store the software/instructions that are
executed by the processor may comprise primary computer
memory, such as RAM and ROM, and secondary computer
memory, such as hard disk drives and solid state drives. The
memory units may comprise software that when executed by
the processor(s) of the computer devices perform the func-
tions programmed by the software, such as streaming the
media assets to the users, sampling the data butlers, calcu-
lating the saturation levels, comparing the computed satu-
ration level to a threshold, and routing incoming socket
requests based on the saturation levels. In particular, the
above-described computer devices may be implemented as
one or a number of networked computer servers.

The software or computer programs, such as the code for
sampling the data builers described above (also known as a
program, software, software application, script, or code) can
be written 1n any form of programming language, including
compiled or interpreted languages, declarative or procedural
languages, and 1t can be deployed 1n any form, including as
a stand-alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file 1n a file system. A program can be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language document), 1n
a single file dedicated to the program in question, or 1n
multiple coordinated files (e.g., files that store one or more
modules, sub-programs, or portions of code). A computer
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program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

The processes and logic flows described 1n this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform actions by operating on mput data and generating
output. Processors suitable for the execution of a computer
program 1nclude, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will recerve instructions and data from a read-only
memory or a random access memory or both. The essential
clements of a computer are a processor for performing
actions 1n accordance with instructions and one or more
memory devices for storing 1nstructions and data. Generally,
a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more
mass storage devices for storing data, €.g., magnetic, mag-
neto-optical disks, or optical disks. However, a computer
need not have such devices. Devices suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., mnternal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated 1n, special purpose logic circuitry.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any inventions or ol what may be
claimed, but rather as descriptions of features specific to
particular implementations of particular inventions. Certain
teatures that are described 1n this specification in the context
of separate implementations can also be implemented 1n
combination 1n a single implementation. Conversely, vari-
ous features that are described in the context of a single
implementation can also be implemented 1n multiple 1mple-
mentations separately or in any suitable subcombination.
Moreover, although features may be described above as
acting in certain combinations and even 1mtially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a subcombination
or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components in the implementations described above should
not be understood as requiring such separation 1n all imple-
mentations, and i1t should be understood that the described
program components and systems can generally be inte-
grated together 1n a single soitware product or packaged into
multiple software products.

Thus, particular implementations of the subject matter
have been described. Other implementations are within the
scope of the following claims. In some cases, the actions
recited 1n the claims can be performed in a different order
and still achieve desirable results. In addition, the processes
depicted 1in the accompanying figures do not necessarily
require the particular order shown, or sequential order, to
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achieve desirable results. In certain implementations, mul-
titasking and parallel processing may be advantageous.

What 1s claimed 1s:

1. A method of measuring availability of a media server
that transmits media content to a plurality of users via data
links of the media server, the method comprising;:

sampling, by one or more processors, a plurality of data
buflers allocated in a random access memory (RAM) of
the media server, each at a sampling time 1nstant, to
determine whether the data buflers contain data being
transmitted at the sampling time instances, wherein
cach data bufler 1s associated with one of the plurality
of users and the data are stored 1n the data buflers for
sending to the data links;

calculating, by the one or more processors, a saturation
score based on the sampling, wherein the saturation
score 1s indicative of a number of the data buflers
containing data being transmitted at the sampling time
instances; and

evaluating, by the one or more processors, the saturation
score against a threshold saturation score for the media
server, wherein the relationship between the scores
indicates availability of the media server.

2. The method of claim 1, wherein the steps of sampling,

calculating, and evaluating are repeated cyclically.
3. The method of claim 1, wherein the one or more
processors comprise one or more processors of the media
SErver.
4. The method of claim 1, wherein the one or more
Processors comprise:
at least one processor of the media server that calculates
the saturation score; and
at least one processor of a traflic management server that
1s 1n communication with the media server, wherein the
at least one processor of the traflic management server
cvaluates the saturation score against the threshold
score.
5. The method of claim 1, wherein sampling the plurality
of data buflers comprises sampling the plurality of data
builers sequentially each at a different time instant.
6. The method of claim 1, wherein the sampling the
plurality of data butlers comprises sampling the plurality of
data buflers simultaneously.
7. The method of claim 1, wherein the data buflers
comprise socket send buflers allocated 1n the RAM of the
media server.
8. The method of claim 1, further comprising routing, by
the one or more processors, a new request for media content
to the media server, wherein the saturation score of the
media server 1s a basis for the routing.
9. An apparatus comprising;
a media server comprising a random access memory
(RAM) wherein a plurality of data buflers 1s allocated
in the RAM, wherein each data bufler 1s associated with
one of a plurality of users to which media content 1s
being transmitted from the media server via data links
of the media server, and data of the media content are
stored 1n the data builers for sending to the data links;
one or more processors i communication with the RAM,
wherein the one or more processors execute software
which causes the one or more processors to:
sample the plurality of data buflers, each at a sampling
time 1nstant, to determine Whether the data builers
contain data being transmitted at the sampling time
instances;

calculate a saturation score based on the sampling,
wherein the saturation score 1s mndicative of a num-
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ber of the data buflers containing data being trans-
mitted at the sampling time instances; and

cvaluate the saturation score against a threshold satu-
ration score for the media server, wherein the rela-
tionship between the scores indicates availability of
the media server.

10. The apparatus of claim 9, wherein the media server
comprises one or more network adapters connecting the
media server to the computer data network.

11. The apparatus of claim 9, further comprising a data
storage system for storing the media content.

12. The apparatus of claim 11, wherein the data storage
system 1s internal to the media server.

13. The apparatus of claim 11, wherein the data storage
system 1s:

external to the media server; and

connected to a plurality of media servers that each trans-

mits media stored in the data storage system to users.

14. The apparatus of claim 9, further comprising a traflic
management server in communication with the media server
via a computer data network, and wherein:

the one or more processors comprises at least a first

processor and a second processor;

the media server comprises the first processor, and the first

processor calculates the saturation score; and

the tratlic management server comprises the second pro-

cessor, and the second processor evaluates the satura-

tion score against a threshold saturation score.
15. The apparatus of claim 9, wherein the data buflers
comprise socket send buflers allocated 1n the RAM of the
media server.
16. The apparatus of claim 9, wherein the one or more
processors are programmed to route a new request for media
content to the media server, and the saturation score of the
media server 1s a basis for the routing.
17. An apparatus comprising:
a first media server that comprises:
a random access memory (RAM), wherein a plurality
of data buflers 1s allocated 1n the RAM, wherein each
data buller 1s associated with one of a plurality of
users to which media content 1s being transmitted
from the media server via data links of the media
server, and data of the media content are stored 1n the
data buflers for sending to the data links; and
one or more processors i communication with the
RAM, wherein the one or more processors execute
soltware which causes the one or more processors to:
sample the plurality of data buflers, each at a sam-
pling time 1instant, to determine whether the data
buflers contain data being transmitted at the sam-
pling time 1nstances; and

calculate a saturation score based on the sampling,
wherein the saturation score i1s indicative of a
number of the data buflers containing data being
transmitted at the sampling time instances; and

a traflic management server connected to the first media

server via a first computer data network, wherein the

traflic management server:

receives saturation score data based on the saturation
score of the first media server via the first computer
data network; and

routes a new request for media content based on the
saturation score data.

18. The apparatus of claim 17, wherein:

the first media server 1s one of a plurality of media servers

connected to a second computer data network, wherein

cach of the plurality of media servers comprises:
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a random access memory (RAM), wherein a plurality
of data buflers 1s allocated in the RAM, wherein each
data bufler 1s associated with one of a plurality of
users to which media content 1s being transmitted
from the media server via data links of the media
server, and data of the media content are stored in the
data buflers for sending to the data links; and

one or more processors in communication with the
RAM, wherein the one or more processors execute
software which causes the one or more processors to:

sample the plurality of data buflers, each at a sam-
pling time instant, to determine whether the data
buflers contain data being transmitted at the sam-
pling time 1nstances; and

calculate a saturation score based on the sampling,
wherein the saturation score i1s indicative of a
number of the data buflers containing data being
transmitted at the sampling time instances; and

the traflic management server 1s connected to the first

computer data network and routes the new request
based on the average saturation score for the media
servers connected to the second computer data net-
work.
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19. The apparatus of claim 17, wherein:

the first media server 1s one of a plurality of media servers
connected to the first computer data network, wherein
cach of the plurality of media servers comprises:

a random access memory (RAM), wherein a plurality
of data buflers 1s allocated 1n the RAM, wherein each
data buller 1s associated with one of a plurality of
users to which media content 1s being transmitted
from the media server via data links of the media
server, and data of the media content are stored 1n the
data buflers for sending to the data links; and

one or more processors i communication with the
RAM, wherein the one or more processors execute
soltware which causes the one or more processors to:
sample the plurality of data buflers, each at a sam-

pling time 1nstant, to determine whether the data
buflers contain data being transmitted at the sam-
pling time 1nstances; and

calculate a saturation score based on the sampling,
wherein the saturation score i1s indicative of a
number of the data buflers containing data being

transmitted at the sampling time instances; and
the traflic management server routes the new request
based on the average saturation score for the media
servers connected to the first computer data network.
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